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Summary
This report identifies wetlands that are likely to be dependent on the Broome
Sandstone aquifer within the La Grange groundwater allocation area (Department of
Water 2010). The Broome Sandstone aquifer is the dominant groundwater resource
in the area (Paul et al. 2013).
With potential agricultural growth of this area, it is necessary to understand, monitor
and manage the aquifer and its dependent wetlands.
This report describes how we created a watertable surface that was used to identify
wetlands and to determine which of the previously mapped wetlands are likely to be
sourced from the Broome Sandstone aquifer. A watertable surface was created from
148 points taken from bore data. The accuracy of this watertable surface was
validated with drilling data. The results of the drilling show a strong correlation with
the modelled surface, which in turn was able to identify 43 groundwater-dependent
wetlands (some of which were previously unmapped) and validate 85 previously
mapped wetlands (Yu 1999) as also being groundwater-dependent.
We recommend that further fieldwork — including targeted drilling and hydrochemical
testing — is carried out to add further precision to the watertable model.
The watertable surface and map of wetlands provides multiple outcomes. First, it
provides multiple maps and web tools that can assist irrigators and water managers
to predict the depth to the watertable, saturated aquifer thickness and unsaturated
areas within the La Grange groundwater area.
Second, the watertable surface is an integral part of scenario modelling of the aquifer.
Scenario modelling allows us to test a range of impacts on the aquifer and its
wetlands from the further development of irrigated agriculture.
Third, the wetlands mapped here will assist stakeholders in identifying and
developing management plans to test and minimise environmental risks.
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1

Introduction

This work is part of DAFWA’s La Grange project (2012–16), which is a component of
the Regional Economic Development Water Opportunities Project.
The La Grange project aims to provide information on soil, water, land tenure,
markets, investment opportunities and cultural and environmental areas of
significance while supporting sustainable land development. The project team
communicates regularly with the seven pastoral stations and three traditional owner
groups in the area. The project aims to provide information to support their individual
development objectives while ensuring that irrigated agriculture is sustainable.
The Department of Water has set the groundwater allocation limit for the La Grange
groundwater area at 50 gigalitres per year (GL/y) (Department of Water 2010). Of
this, 12.3GL/y has been allocated via licences, although only 3GL/y is being used
(Williams 2016). Currently, the two largest licenced users of the Broome Sandstone
aquifer within La Grange area are the horticultural operations of Shamrock Gardens
and Shelamar.
Although the current groundwater use is well within the total allocation, proposed
developments are likely to quickly use the remainder. Shelamar, Shamrock Station,
Nita Downs, Anna Plains and Mandora are progressing development proposals that
will use groundwater. Similarly, the Yawuru and Karajarri managed stations at
Roebuck and Frazier Downs have expressed an interest in developing irrigated
agriculture.
As a result, it is necessary for us to understand the aquifer and be able to model how
it will behave under different abstraction conditions to determine the risks of these
proposed developments.
It is known from previous investigations by Semeniuk and Semeniuk (2000) and Yu
(1999) that culturally significant wetlands are present within the La Grange area.
To be able to assess the risk of developing irrigated agriculture near wetlands, we
need to determine which wetlands are dependent on groundwater from the aquifer
that is targeted for irrigated development — the Broome Sandstone aquifer — and
which are dependent on alternative sources, such as perched aquifers.
This report details a method for differentiating types of wetlands using remote sensed
data. This method involves creating a watertable surface, which aids in identifying
wetlands that are dependent upon the Broome Sandstone aquifer. We then verify this
surface using the results of a recent drilling program and then update the surface to
include the drilling data. Knowing the watertable surface helps aquifer users and
managers to model different scenarios and predict the effects of development on the
aquifer and its dependent wetlands.
Because the methods in this study are recursive (repeated multiple times with slightly
differing data), a flow diagram is included in the methods chapter to show the
progression of data (Figure 3). The final outputs from this process are in the results
chapter.
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This report focuses on wetlands that are dependent on the Broome Sandstone
aquifer, so all references to wetlands in this report are referring to the dependent
variety, unless otherwise stated. In addition, any reference to aquifer is referring to
the Broome Sandstone aquifer, unless otherwise stated.
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2

Study area

The study area for this report is the La Grange groundwater area (Figure 1). The
area’s northern boundary is just south of Broome at Roebuck Plains and its southern
boundary is 300km further south at Mandora Marsh. The study area includes the
North and South La Grange groundwater areas. It contains seven pastoral stations
and the lands of the Yawuru, Karajarri and Nyangumarta peoples as determined by
Native Title settlements. It also includes areas of unallocated Crown land of the Great
Sandy Desert, the Eighty Mile Beach Marine Park and two Ramsar wetlands —
Roebuck Bay and Eighty Mile Beach. In addition, there are multiple unproclaimed
wetlands of national importance (Paul et al. 2013).
The Broome Sandstone aquifer is the dominant freshwater aquifer in the region. This
aquifer is used for drinking water within the Bidyadanga community, irrigating
horticulture and stock water. In addition to these uses, there are wetlands that
depend on the aquifer.
The Mandora Marsh and Salt Creek wetlands have been excluded from this report,
because we do not have sufficient understanding of the complex hydrogeology in
these areas. The Department of Water and the Department of Parks and Wildlife
have ongoing work in these areas so they could be considered in future studies.
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Towns
Study area boundary
Property boundaries within study area
Major roads
Outside study area
Ocean
Shoreline
Figure 1 Major features within the study area
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3

Previous investigations

3.1 Ngapa Kunangkul wetlands
The report Ngapa Kunangkul (Yu 1999) identified surface water features and their
cultural significance in the La Grange area. Yu based his report on the knowledge of
traditional owners, fieldwork, hydrogeological investigations and a literature review.
More than 300 wetlands were identified, some outside of the La Grange area. Of
these, Yu verified the locations of 38 through on-site visits. The distribution of these
sites within the La Grange area has been mapped and is accurate to within one
kilometre (Figure 2). This level of accuracy results from purposeful ambiguity
because of cultural sensitivity (Yu 1999) and the process of digitising physical maps.

3.2 Wetlands of the north-west Great Sandy Desert
Semeniuk and Semeniuk (2000) focused on identifying types of wetlands and the
related hydrogeological processes. They classified the wetlands according to type.
We use three of these classifications: ‘window to watertable’, ‘perching of meteoric
water above watertable’ and ‘impedance to coastal discharge by coastal muds’. The
classifications were used to assist in constructing a conceptual model of the aquifer.

3.3 A review of the Broome Sandstone aquifer in the La Grange area
Baseline conditions for the Broome Sandstone aquifer and the knowledge gaps were
defined in Paul et al (2013). Their report outlined that further investigation of the
distribution and hydrogeological controls of the La Grange wetlands was needed. We
used the information in Paul et al (2013) to form a basis for the conceptual model of
the Broome Sandstone aquifer.
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Ngapa Kunangkul wetlands
Towns
Study area boundary
Major roads
Outside study area
Ocean
Shoreline
Figure 2 Distribution of Ngapa Kunangkul wetlands, modified from Yu (1999)

6

Wetlands of the Broome Sandstone aquifer

4

Methods

We used different sources of data to create a watertable surface and derivative
surfaces to identify wetlands. We used ‘Surfer 12’ — Surfer® 12 from Golden
Software (goldensoftware.com/) — for the gridding and contouring of datasets.
Figure 3 shows the processes taken to identify wetlands and to create and refine the
watertable and depth to watertable surfaces.
There are three versions of datasets in the flowchart — Dataset v1, Dataset v2 and
Dataset v3. Dataset v1 (the initial dataset) was improved as a result of further
investigations, which resulted in the creation of Dataset v2. Then, Dataset v2 was
improved as a result of further investigations, which resulted in the creation of
Dataset v3. All dataset versions are composed of a four-column database of
geographical coordinates, elevation and data type.
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Figure 3 Flowchart showing the methods used to identify wetlands and create
watertable and depth to watertable surfaces
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4.1 Initial data collection (Dataset v1)
To identify groundwater-dependent wetlands, a watertable surface needed to be
constructed. To create this surface, we combined multiple data sources — a bore
census, topography data and aquifer geometry — to create Dataset v1.
Firstly, as recommended by Paul et al. (2013), DAFWA completed a bore census
within the groundwater area, and measured watertable data at 148 locations using a
differential GPS (10cm XY accuracy, 20cm Z accuracy). This process was the source
of the initial data.
Secondly, 731 data points along the high water mark on the coastline with a
watertable of 0mAHD (20m XY accuracy) were added to constrain Dataset v1 along
the coast. These points were included because we assumed that the Broome
Sandstone aquifer is unconfined (phreatic) and that its watertable is at sea level at
the shoreline (Paul et al. 2013). This assumption was supported by the results of an
AEM survey (Annetts et al. 2014), which shows a saltwater wedge at the coast,
which should force the Broome Sandstone aquifer to discharge along the shoreline.
The watertable surfaces defined here should only be used for guidance because of
the temporal variation of the watertable data and the span of data. Manual
measurements and data loggers have shown that the watertable in the area changes
by up to 2m seasonally. The datasets used in this report span over 16 years from
early 2000 (topography surface) to early 2016 (monitoring bores).

4.2 Watertable Surface v1
To create the Watertable Surface v1 (Figure 4), we ran Dataset v1 through
Calculation A, which gridded Dataset v1 using Local Polynomial interpolation. This
method uses a weighted least squares fit from data inside grid nodes search ellipses
to assign values to the corresponding grid nodes, with default settings of power: 2
and Polynomial Order of F(X,Y) = a + bX + cY (Chin-Shung et al. 2004).
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Towns
Study area boundary
Outside study area
Ocean
Shoreline
Figure 4 Map of the Watertable Surface v1 (mAHD)
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4.3 Topography surface
To predict watertable surfaces relative to ground level, we needed a topography
surface. We sourced elevation data via Earth Explorer (2016) from the Shuttle Radar
Topography Mission, which covered the La Grange groundwater area. The data’s
resolution was approximately 30m by 30m and more information about its accuracy
can be found in the Shuttle Radar Topography Mission statistics (Jet Propulsion
Laboratory, California Institute of Technology 2016). This data was cropped to the La
Grange groundwater area (Figure 5).

Towns
Study area boundary
Outside study area
Ocean
Shoreline
Figure 5 Topography surface (mAHD) derived from the Shuttle Radar
Topography Mission data
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4.4 Depth to Watertable Surface v1
To identify wetlands, we needed a new surface to predict the depth from the ground
surface to the watertable. To create this new surface, we transformed Watertable
Surface v1 to match the dimension and grid spacing of the topography surface. The
transformed Watertable Surface v1 was then subtracted from the topography surface,
resulting in the Depth to Watertable Surface v1 (Figure 6).

Towns
Study area boundary
Outside study area
Ocean
Shoreline
Figure 6 Depth to Watertable Surface v1 (m)
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4.5 Locating wetlands (Dataset v2)
To locate wetlands, we overlaid the Depth to Watertable Surface v1 on aerial
photography from the Bing Maps website (Bing Maps 2016) which was captured in
2012, mostly during the dry season. Any area with a predicted depth to groundwater
of less than 5m with visible water on the aerial photography was marked as a
wetland.
Wetlands that were part of Mandora Marsh and the Salt Creek system were excluded
from this data collection, because these features are, at least in part, reliant on the
Wallal Aquifer (Storey et al. 2011) and not solely on the Broome Sandstone aquifer.
We identified 43 wetlands (Appendix A) and placed them on the topography surface
to extract their corresponding elevation value. These values and their coordinates
were recorded and added to Dataset v1 to create Dataset v2.
These additional points gave Dataset v2 a greater data distribution. Dataset v2 was
then run through Calculation A to create Watertable Surface v2 (Figure 7).
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Towns
Study area boundary
Outside study area
Ocean
Shoreline
Figure 7 Watertable Surface v2 (mAHD) derived from Dataset v2
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4.6 Drill data aggregation (Dataset v3)
We validated Watertable Surface v2 against the results of the 2015–16 monitoring
bore drilling program to test for accuracy (see Appendix B for drill sites). This gave a
positive outcome (further details on this correlation are in Chapter 5). Due to the
strong correlation (R2 0.85), the drill data was added to Dataset v2 to create Dataset
v3. Dataset v3 was then run back through calculations A and B to create Watertable
Surface v3 (Figure 8) and Depth to Watertable Surface v3 (Figure 9).
With this further information, we overlaid the Depth to Watertable Surface v3 on
aerial photography (as done in Chapter 4.5), to see if more wetlands could be
identified. However, no new wetlands were identified.

Towns
Study area boundary
Outside study area
Ocean
Shoreline
Figure 8 Watertable Surface v3 (mAHD) derived from Dataset v3

15

Wetlands of the Broome Sandstone aquifer

Towns
Study area boundary
Outside study area
Ocean
Shoreline
Figure 9 Depth to Watertable Surface v3 (m) derived from Watertable Surface
v3 and the topographic surface
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4.7 Jarlemai Siltstone surface
To calculate the aquifer thickness, we required a base surface of the Broome
Sandstone aquifer. In this case, the base of the aquifer is the interface of the Broome
Sandstone and the Jarlemai Siltstone. We derived this interface by interpreting
inverted geophysical data reported by Annetts et al. (2014), and termed it the
Jarlemai Siltstone surface.
We modified the Jarlemai Surface by including additional easterly data points that
were manually picked from the inverted 30-layer AEM data (supplied by CSIRO) to
increase the data distribution. These points were extracted with 10km spacing at the
perceived intersection (based on the conductivity change) between the Broome
Sandstone and Jarlemai Siltstone. We then gridded this data using the Local
Polynomial method, with an X and Y tolerance of 5km to smooth out the grid (Figure
10).

Towns
Study area boundary
Outside study area
Ocean
Shoreline
Figure 10 Jarlemai Siltstone surface (mAHD) derived from the AEM
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4.8 Saturated thickness surface
To identify unsaturated areas in the groundwater area, we subtracted the Jarlemai
Siltstone surface from the Watertable Surface v3 to create a new surface, which
represents the saturated thickness of the Broome Sandstone aquifer (Figure 11).
This surface shows areas where the aquifer is likely to be dry, denoted by negative
values.

Towns
Study area boundary
Outside study area
Ocean
Shoreline
Figure 11 Saturated thickness surface (m) derived from Watertable Surface v3
and Jarlemai Siltstone surface; negative values represent unsaturated areas
(red)
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5

Results

5.1 Database of groundwater-dependant wetlands of the Broome
Sandstone aquifer
Using the Depth to Watertable Surface v1 with aerial photography (see Chapter 4.5),
we found 43 wetlands that are likely to be dependent on the Broome Sandstone
aquifer. We compiled these into a database of their locations and elevations
(Appendix A). The elevations were derived from the topography surface. Most
wetlands are located within 10km of the coast (Figure 12).

Depth to Watertable Surface v1 wetlands
Towns
Study area boundary
Major roads
Outside study area
Ocean
Shoreline
Figure 12 Distribution of 43 wetlands derived from Depth to Watertable Surface
v1
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To assess the reliability of the wetland identification method, we ran a correlation
analysis. This analysis compared the wetlands that we identified with the Ngapa
Kunangkul wetlands that Yu (1999) identified. As these two reports have different
study areas, the analysis could only be run on a subset of wetlands. Thirty-three
wetlands from this report fell within Yu’s (1999) study area. These 33 wetlands and
Yu’s (1999) wetlands were entered into a nearest neighbour spatial query. This query
identified the closest Ngapa Kunangkul wetland to each of our 33 wetlands,
remembering that the Ngapa Kunangkul wetlands have an accuracy of within a
kilometre at best (see Chapter 3.1). Most of the wetlands we identified had a Ngapa
Kunangkul wetland within 2km. A histogram of the results are shown in Figure 13.
14

Frequency

12
10
8
6
4
2
0
1

2
3
4
5
Distance from a wetland to a Ngapa Kunangkul wetland (km)

Figure 13 Frequency at which Ngapa Kunangkul wetlands (Yu 1999) are located
near our identified wetlands

5.2 Watertable surface
Using the methods described above, we created Watertable Surface v3 using
Dataset v3. This surface is presented in Figure 14, which shows the predicted
elevation of the watertable throughout the La Grange groundwater area. The surface
shows a gradual and consistent rise of the watertable towards the south-east of the
groundwater area. The contours are smooth and the average westerly gradient of
flow is about 0.0006 (0.6m fall for every 1km west). The grey zones are the
unsaturated areas derived from the saturated thickness surface.

20

Wetlands of the Broome Sandstone aquifer

Towns
Study area boundary
Major roads
Outside study area
Unsaturated area
Ocean
Shoreline
Figure 14 Watertable Surface v3 (mAHD) with unsaturated areas in grey
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5.2.1 Accuracy of the watertable surface
The accuracy of the Watertable Surface v3 could not be tested because it uses all
our available data, leaving us with no data points to test the surface against. Instead,
we tested Watertable Surface v2, the precursor to v3. To test the accuracy of
Watertable Surface v2, we used it to predict the height (above AHD) of the watertable
at the 24 locations where monitoring bores were drilled in 2015–16, and compared it
to the water level readings from the shallowest bore at each site. We used the
shallowest bores because the water levels in these represent the watertable, as
opposed to deeper bore readings that reflect the groundwater pressure at the
screened depth. A ground elevation measurement was also taken, with a differential
GPS (10cm XY accuracy, 20cm Z accuracy). The correlation between the predicted
watertable values and the measured values was moderately high, with an R2 value of
0.85 and a mean error of 2.99m (Figure 15). The values from this comparison are in
Appendix C.

Measured watertable elevations (mAHD)

60

50
R² = 0.85
40

30

20

10

0
0.00
-10

10.00

20.00

30.00

40.00

50.00

Watertable Surface v2 (mAHD)

Figure 15 Correlation between measured and predicted watertable elevation
values
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5.3 Depth to watertable surface
The Depth to Watertable Surface v3 was created using the Watertable Surface v3
and the topography surface, and it was used to estimate the depth to the watertable
throughout the La Grange groundwater area. Figure 9 shows that there are relatively
thin, unsaturated zones around the flat, low-lying areas along the coast. These zones
are also present around Salt Creek and Munro Springs. The north-eastern section
shows a significantly thicker unsaturated zone — up to 180m thick.
5.3.1 Accuracy of the depth to watertable surface
Using the watertable results of the 2015–16 monitoring bore drilling program (relative
to the ground surface; Appendix B), we were able to validate the predictive power of
the Depth to Watertable Surface v2. We found that the correlation of the Depth to
Watertable Surface v2 with the measured values at the 24 sites was high, with an R2
value of 0.98 and a mean error of 3.7m (Figure 16). The values from this comparison
are in Appendix D.

Measured depth to watertable (m)

140
120

R² = 0.98

100
80
60
40
20

-20.00

0
0.00
-20

20.00

40.00

60.00

80.00

100.00

120.00

140.00

Depth to Watertable Surface v2 (m)

Figure 16 Correlation between measured and predicted depth to watertable
values
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5.4 Jarlemai Siltstone surface
The Jarlemai Siltstone surface was generated exclusively from the results of the
AEM. This surface represents the interface between the base of the Broome
Sandstone aquifer and the top of the Jarlemai Siltstone within the La Grange
groundwater area. It shows a general trend of rising to the east and is at its deepest
near the coast.
5.4.1 Accuracy of the Jarlemai Siltstone surface

Measured depth to Jarlemai Siltstone (mAHD)

We validated the predictive accuracy of this surface by using the 2015–16 monitoring
bore drilling program, which intersected the Jarlemai Siltstone eight times. The
correlation between the predicted values and the measured values is high, with an R2
value of 0.90 and a mean error of 18m (Figure 17). The raw data is in Appendix E.
-250
R² = 0.90

-200

-150

-100

-50

0

50
0

-50

-100
-150
-200
Jarlemai Siltstone surface (mAHD)

-250

Figure 17 Correlation between the predicted interface elevations (relative to
sea level) of the Jarlemai Siltstone surface with the measured values from
the 2015–16 monitoring bore drilling program
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5.5 Saturated thickness surface
The saturated thickness surface represents the thickness of the Broome Sandstone
aquifer from the watertable to the base of the aquifer. Figure 11 shows the large,
unsaturated areas to the north-east and the south-east.
5.5.1 Accuracy of the saturated thickness surface
To determine the accuracy of the saturated thickness surface, we remade it using
Watertable Surface v2. By subtracting the measured depth to groundwater from the
measured depth to the Jarlemai Siltstone from the 2015–16 monitoring bore drilling
program, we were able to calculate the saturated thickness at each of the bores.
These results were compared against the predicted values. The correlation between
these values was moderately high, with an R2 value of 0.88 and a mean error of 18m
(Figure 18). Appendix F contains the raw data.

Measured saturated thickness (m)

300

250
R² = 0.88
200

150

100

50

0
0.0

50.0

100.0

150.0

200.0

250.0

Saturated thickness surface (m)

Figure 18 Correlation between measured and predicted saturated thickness
values

5.6 Ngapa Kunangkul wetlands
To identify which of the Ngapa Kunangkul wetlands (Yu 1999) were groundwaterdependent, we digitised the distribution map from the Ngapa Kunangkul report.
Unfortunately, the accuracy of this map only allowed us to locate the wetlands to
within one kilometre. We overlaid this point data on the Depth to Watertable Surface
v3 to determine which of these wetlands correlated with a shallow depth to
watertable. Of the initial 300 wetlands identified, 141 were located within the La
Grange groundwater area. Of these, 37 wetlands were within the 5–10m contours
and 48 were within the less than 5m contours. The wetlands identified in the Ngapa
25
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Kunangkul report and their relationship to groundwater contours of less than 5m and
5–10m are displayed in Figure 19.

Depth to Watertable v3 less than 5m
Depth to Watertable v3 5–10m
Ngapa Kunangkul wetlands within Depth to Watertable v3 less than 5m
Ngapa Kunangkul wetlands within Depth to Watertable v3 5–10m
Ngapa Kunangkul wetlands within Depth to Watertable v3 above 10m
Towns
Study area boundary
Unsaturated areas
Outside study area
Ocean
Shoreline
Figure 19 Distribution of Ngapa Kunangkul wetlands (Yu 1999) in relation to
shallow Depth to Watertable Surface v3
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6

Discussion

6.1 Wetlands
6.1.1 Identification method
The wetland identification method was limited by its lack of field validation, because
we could only visit a few of the wetlands because of access constraints. However, it
was possible to compare some of them with the wetlands in the Ngapa Kunangkul
report (Yu 1999). This comparison showed that the majority of our wetlands are
located within 2km of the wetlands in the Ngapa Kunangkul report and none are
more than 5km away (Figure 13). In addition, the correlation between the Depth to
Watertable Surface v2 and the watertable values obtained from the 2015–16
monitoring bore drilling program also supports the validity of the method.
6.1.2 Types of wetlands
Based on our examination of the spatial distribution of the wetlands, there appears to
be distinct clusters of wetlands. These clusters represent coastal wetlands and inland
wetlands, which form as a result of two distinct hydrological regimes.
The coastal wetlands are generally in strings because they occur as part of the
Pindan-to-marine plain transition. This transition forms a distinct vertical surface step
of around 2m between the Pindan sand and the muddy marine sediments. This step
is large enough to intersect the watertable and create a discharge location. This
discharge may be sufficient to cause direct seepage or to create surface flows which
migrate onto the marine plain and create an intermittent or perennial wetland
(Semeniuk and Semeniuk 2000).
Wetlands that occur over 40km inland are a result of topographic changes, in
particular, surface depressions. As the watertable is relatively flat, the topography is
the dominant factor that determines the distribution of wetlands. In these low areas,
the watertable is in contact with the soil surface and has sufficient gradient to form a
wetland (Semeniuk and Semeniuk 2000).
Previous investigations (Storey et al. 2011) have shown that the hydrogeology just
south of the La Grange area is significantly more complex. Wetlands in this area are,
at least in part, dependent on the Wallal Aquifer. It is possible that similar interactions
may be occurring in the La Grange area. The groundwater geochemical data
examined by Harrington and Harrington (2016) shows similarities between the
Broome Sandstone and Wallal aquifers, suggesting that interactions are possible.
However, the Jarlemai Siltstone is thought to be an aquitard (Paul et al. 2013) which
should limit the transfer of groundwater between the two aquifers. Significant
interaction such as fault leakage or Jarlemai thinning would need to be discovered to
provide clear evidence to draw any conclusions.
We conclude that in the La Grange area, wetlands that are located within 5m of the
predicted watertable from the Depth to Watertable Surface v3 are highly likely to be
dependent on the Broome sandstone aquifer (excluding Mandora Marsh and Salt
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Creek wetlands). As the depth to the aquifer increases, the likelihood that a wetland
is groundwater-dependent decreases rapidly.

6.2 Dataset distribution
There was a significant increase in data distribution between Datasets v1, v2 and v3
(Figure 20). However, the greatest improvement in data distribution was achieved
when adding the wetlands to Dataset v1 to create Dataset v2. This same
improvement is also evident when adding the wetlands to Watertable Surface v1
(Figure 5) to v2 (Figure 7). There is a significant difference between these two
surfaces, mostly in the eastern area. There is not such a noticeable difference
between Watertable Surface v2 and v3.

6.3 Watertable elevation gridding method
Early in this investigation, it was necessary to select a gridding algorithm for the
groundwater data that would present a realistic representation of the aquifer. Most
gridding methods did not generate a useable grid due to unresolved data
discrepancies, most likely temporal variations in the watertable. The gridding method
needed to be able to compensate by applying a large amount of smoothing. Most
methods did not smooth the data sufficiently and therefore extrapolated small trends
in the dataset out into large anomalies in data-poor regions.
We found two acceptable gridding methods: the Kriging and the Local Polynomial.
These methods produced very similar grids, but the Local Polynomial algorithm
showed fewer artefacts and produced a smoother watertable.
To assess how closely the grids conformed to the raw measurements, we analysed
the Kriging and the Local Polynomial grids using a residual function. This function
subtracts the known data points from the gridded data. This tests how true the grid is
to the original data points. Using Dataset v1, the Kriging method had an absolute
mean residual of 0.3m while the Local Polynomial method had an absolute mean
residual of 1.5m. Both of these values are low, which means both grids provided a
good representation of the raw measurements. The mean residual of the Local
Polynomial method was higher because this method has a tendency to create a
highly smoothed grid. To achieve a smooth grid with a dataset that is not smooth, a
higher residual is necessary.
We used the watertable data from the monitoring bores at 24 locations to analyse the
predictive ability of the Kriging method versus the Local Polynomial method, both
using Dataset v2. To do this, we created two grids, one using Kriging and the other
using Local Polynomial. We calculated the residuals to predict the depth to the
watertable at the new monitoring bores. We found that the Local Polynomial grid
reliably predicted a smaller residual value than the Kriging grid. The Local Polynomial
method had an average absolute error of 3.0m and an R2 value of 0.85, and Kriging
had an average absolute error of 4.2m and an R2 value of 0.70.
After some consideration, we chose the Local Polynomial method because its highly
smoothed surface created a grid that appeared to be logical, gave a fair
representation of the data and reliably predicted the 2015–16 drilling results.
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Dataset v1
Points added to Dataset v1 to create Dataset v2
Points added to Dataset v2 to create Dataset v3
Towns
Study area
Unsaturated areas
Outside study area
Ocean
Shoreline
Figure 20 Distribution of Datasets v1, v2 and v3
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6.4 Depth to watertable surface
The Depth to Watertable Surface v3 was created by subtracting the Watertable
Surface v3 from the topography surface. The topography surface had a significantly
higher resolution, with a grid spacing of about 30m by 30m, whereas the Watertable
Surface v3 had a grid spacing of about 2.5km by 2.5km. This difference results from
the initial data density of the two grids. To accommodate for this, we increased the
resolution of the Watertable Surface v3 grid to match the topography surface.

6.5 Saturated thickness surface
We initially created the saturated thickness surface to predict the location of the
eastern edge of the saturated zone of the Broome Sandstone aquifer, because we
thought that wetlands in these unsaturated areas were likely to be perched, and not
dependent on the Broome Sandstone aquifer. However, after creation, we found that
none of the identified wetlands were located in the unsaturated areas.
As another outcome of this surface, we observed that the aquifer extends past the
groundwater area boundary to the south-east. However, the thickness of the aquifer
at this boundary is generally less than 20m, so it is possible that the aquifer does not
extend very far past the boundary.

6.6 Recommended future works
6.6.1 Field work on wetlands
To assess the accuracy of the wetlands database, we recommend further field
analysis and hydrochemical testing. Obtaining precise elevation data from the
wetlands would also aid in understanding the dynamics of the aquifer. To do this,
access should be negotiated with (and possibly the work done in collaboration with)
the traditional owner groups.
6.6.2 Non-Broome Sandstone aquifer wetlands
There are many wetlands identified in the Ngapa Kunangkul report that are located
inland and in areas where the Broome Sandstone aquifer is dry, for which the source
of water is not explicitly described (Yu 1999). As a result of our analysis, it is likely
that these wetlands result from surface run-off from rain accumulating in clay pans or
in localised perched aquifers as described by Semeniuk and Semeniuk (2000). As
these wetlands are not likely to be dependent on the Broome Sandstone aquifer, they
should not be affected by abstraction from the aquifer. However, it would be
beneficial to determine if this hypothesis is correct, especially if irrigated agriculture is
proposed nearby.
6.6.3 Further drilling or airborne electromagnetic survey
To identify whether the Wallal aquifer is leaking upwards into the Broome Sandstone
aquifer, we recommend drilling or AEM work to assess the uniformity and
transmissivity of the Jarlemai Siltstone. This is especially the case in the south-east,
where the location and thickness of the Jarlemai is more uncertain.
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6.6.4 Ongoing monitoring
We recommend ongoing monitoring of the new monitoring bores to ensure
that groundwater trends are identified so the watertable surface information can be
kept current. In addition, if the use of the Broome Sandstone aquifer increases, we
recommend monitoring of the wetlands to ensure they are not being affected.
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7

Conclusion

Since 2012, DAFWA has completed a comprehensive assessment of the Broome
Sandstone aquifer within the La Grange area. This assessment included gathering
information on groundwater quality, creating a regional groundwater monitoring
network and establishing environmental benchmarks to aid in environmentally
sustainable development.
As part of this assessment, we identified 43 groundwater-dependent wetlands of the
Broome Sandstone aquifer, through interrogating sparse datasets and validating with
new monitoring bores. These wetlands have a strong spatial correlation with those
previously identified by Yu (1999).
In addition, we created surfaces that can be used to predict depth to groundwater
and aquifer thickness. With these, we created an interactive groundwater map
providing aquifer parameters within the La Grange area, available
at agric.wa.gov.au/n/5492 or by searching for ‘La Grange groundwater map’
on agric.wa.gov.au.
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Appendix A Elevation values of wetlands
Table A1 Wetlands with elevation values
Easting (UTM 51)

34

Northing (UTM 51) Elevation (mAHD)

458525

7850177

79

462859

7850308

79

401857

7860634

43

346212

7860670

10

344300

7872671

9

344688

7873745

8

350814

7880678

9

345537

7882527

7

351826

7886995

9

352512

7887701

9

352252

7896336

9

357491

7901849

8

357502

7904509

9

364506

7916118

7

360237

7920006

7

365813

7920365

9

370094

7920432

11

378219

7936830

6

377426

7939241

5

381362

7939433

8

379732

7939477

7

381201

7939978

4

382681

7940045

7

382084

7940100

8

382346

7940116

8

382266

7940393

8

382556

7940551

7

382615

7941586

8

378171

7942319
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Table A1 continued
Easting (UTM 51)

Northing (UTM 51) Elevation (mAHD)

384039

7945109

8

372645

7949664

0

446609

7999424

8

445469

7999478

10

468015

8006194

21

467607

8006318

21

454710

8007421

7

454820

8007463

7

454583

8007475

7

455491

8007733

8

456740

8007927

9

459469

8009121

9

459351

8009164

9

459103

8009186

9
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Appendix B Locations of monitoring bores
Table B1 Monitoring bore locations (2015–16)
Monitoring bore
site

Easting UTM 51

Northing UTM 51

16LAG01S

452525

8004427

15LAG02S

466500

8003352

15LAG03S

482891

8002578

15LAG04D

474292

7979284

15LAG06S

393477

7955345

15LAG07S

399586

7955172

15LAG08S

404769

7952722

15LAG09S

380968

7939325

15LAG10S

387535

7939960

15LAG11S

383016

7943260

15LAG12S

395228

7942149

LAG1513S

411132

7937447

15LAG14D

424632

7936822

15LAG15AS

358045

7902031

15LAG15BS

362015

7900217

15LAG16S

371454

7899326

15LAG17S

382376

7893332

15LAG19S

358331

7889897

15LAG20S

368589

7883343

15LAG21S

352504

7869238

15LAG23AS

399957

7861588

15LAG23BS

390700

7863319

15LAG24S

321576

7820712

15LAG26S

377800

7916635
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Appendix C Watertable elevations
Table C1 Measured and predicted watertable elevations using Watertable
Surface v2 and the results of the 2015–16 monitoring bore drilling program

Monitoring bore
site

Measured
watertable elevation
(mAHD)

Watertable
Surface v2
(mAHD)

Difference (m)

16LAG01S

8.08

8.36

0.29

15LAG02S

15.27

17.34

2.08

15LAG03S

21.10

28.39

7.29

15LAG04D

49.10

35.33

13.77

15LAG06S

6.60

4.94

1.66

15LAG07S

9.35

7.31

2.04

15LAG08S

12.79

10.57

2.22

15LAG09S

3.96

6.51

2.55

15LAG10S

9.11

9.13

0.02

15LAG11S

4.94

6.14

1.20

15LAG12S

12.74

11.50

1.24

LAG1513S

19.85

19.98

0.13

15LAG14D

22.18

25.10

2.92

15LAG15AS

–1.08

6.74

7.82

15LAG15BS

15.97

9.51

6.46

15LAG16S

15.67

15.05

0.61

15LAG17S

27.90

22.64

5.26

15LAG19S

10.41

10.39

0.02

15LAG20S

18.63

18.13

0.49

15LAG21S

11.95

12.16

0.22

15LAG23AS

34.68

41.45

6.76

15LAG23BS

38.68

35.81

2.87

15LAG24S

6.26

9.64

3.38

15LAG26S

13.50

12.85

0.65
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Appendix D Depth to groundwater
Table D1 Measured and predicted depth to groundwater values using
Watertable Surface v2 and the results of the 2015–16 monitoring bore drilling
program

Monitoring bore
site

Depth to
Measured depth to Watertable Surface
watertable (mAHD)
v2 (mAHD)

Difference (m)

16LAG01S

8.7

13.2

4.5

15LAG02S

8.0

9.2

1.2

15LAG03S

47.8

43.2

4.6

15LAG04D

70.6

87.4

16.8

15LAG06S

23.2

27.7

4.5

15LAG07S

25.6

30.4

4.8

15LAG08S

42.5

47.7

5.2

–0.7

2
3

15LAG09S

1.24

15LAG10S

14.7

17.7

15LAG11S

3.2

5.1

1.9

15LAG12S

19.4

22.1

2.7

LAG1513S

56.8

59.6

2.8

15LAG14D

115.4

116.9

1.5

15LAG15AS

0.2

0.6

0.4

15LAG15BS

6.7

8.5

1.8

15LAG16S

19.1

22.9

3.8

15LAG17S

49.1

54.5

5.4

15LAG19S

13.4

16.5

3.1

15LAG20S

15.5

20

4.5

15LAG21S

21.5

25.4

3.9

15LAG23AS

0.9

–1.7

2.6

15LAG23BS

10.3

13.6

3.3

15LAG24S

11.5

12.9

1.4

15LAG26S

17.1

21.3

4.2
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Appendix E Jarlemai Siltstone elevation
Table E1 Measured and predicted Jarlemai Siltstone elevation values using the
Jarlemai Siltstone surface and the results of the 2015–16 monitoring bore
drilling program

Monitoring
bore site

Measured Jarlemai Jarlemai Siltstone
Siltstone below
surface below AHD
AHD (mAHD)
(mAHD)

Difference (m)

15LAG1D

109.2

112.7

3.5

15LAG3D

85.1

85.4

0.3

15LAG4D

–6.7

7.8

14.5

15LAG6D

177.2

193.3

16.1

15LAG14D

60.4

81.7

21.3

15LAG15BD

234.8

201.2

33.6

15LAG21D

138.6

125.7

12.9

15LAG24D

77.2

36.8

40.5
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Appendix F Saturated thickness values
Table F1 Measured and predicted saturated thickness values using the
saturated thickness surface and the results of the 2015–16 monitoring bore
drilling program

Monitoring
bore site

Measured
saturated
thickness (m)

Saturated
thickness surface
(m)

Difference (m)

15LAG1D

117.3

121.0

3.7

15LAG3D

106.2

113.8

7.6

15LAG4D

42.4

43.2

0.8

15LAG6D

183.8

198.3

14.5

15LAG14D

82.6

106.8

24.2

15LAG15BD

250.8

210.7

40.1

15LAG21D

150.5

137.8

12.7

15LAG24D

83.5

46.4

37.1
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Shortened forms
Shortened form

Full name

AEM

airborne electromagnetic survey

AHD

Australian Height Datum

cm

centimetre

DAFWA

Department of Agriculture and Food, Western Australia

GL/y

gigalitres per year

m

metres

UTM

Universal Transverse Mercator
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